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Abstract: The enargy densities which might be achleved in ultra-
relativistic nuclear collisions are discussed. Using these estimates,
promisipng probes of a quark-gluon plasma as it might be produced in such
¢ollisions are reviewed. I discuss in detall the emissicn of photons
and di-leptons. The consequences of hydrodynamic expansion and a first
order phase transition are explored for the transverse momentum spectrum
of hadrons., Fluctuations in the rapidity distribution of hadrons are
alaso discussad as a possible algnal for a first order phases tranaition.
The possibilty that coplous preduction of strange particles may signal
the production of a quark-gluon plaama 13 critically asaesaed.

I shall discuss the possible experimental probes of the quark-glucn
plasma as it might be produced in ultra-relativistic nueclear collisions.
I shall concentrate on tne central region of collisicns of large nuclei,
A > 200, for head-on collisions at asxtremely high energies, E.y /A 2 50
Gev/Nucleon. A plcture of such a collision is shown in Fig. 157'21 At
some time t, after the two
nuclei pass through one another,
matter begina to form between
them. In the inside-cutside
cascade picture of the
collision, this forming matter
is assumed to be non-interacting
until after the time r5. The
rapldity of the particles which
FIGURE 1 A nuoleus~nucleus collision constitute newly forming matter

is therefore

y = 5 ln{{} = 5 (82X (1)
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where v is a particle velocity, t is the time measured from the initial
time of the collision, and x is the longitudinal coordinate measured
from the position of the collision. This correlation bstween momentum
and space-time persists after the time t, as a consequence of the
hydrodynamic equations, and may be taken to be valid for all times.

The energy density of matter at the formation time 1, 13(1)
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This result has been used to estimate the energy densities achieved in
the ultra-relativiatic collisions observed Dy the JACEE cosmic ray
experiment$3) If <my> - .4 Gev and 14 - 1 Fm/c, the dN/dy distributions
observed for intermediate A nuclei extrapolated to heavy nuclei such as
uranium predict energy densities of 5-10 Gev/Fm3. Such energy denaities
may be sufficient to produce a quark-gluon plaamas

Recent results for hadron-nucleus collisions indicate that the
formation time 1y - 1 Fm/c may be a little 1arge§5) The dependence of
the ensrgy density of Eqn. 2 upon Tty is not trivial. By the
uncertainty principle,

<me> > /14 (3)
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Since the energy density of a quark-gluom plasma scales as Tu w?ege T is
the temperature, and the waximum achieved temperature is T - 1; .

In a nice analysis presented by D. (Kisielewska, the possible values
of 1? are extracted from hadron-nucleus and lepton-nucleus experimental
data.a} The range of values consistent with this data are determined to
be 1/5 < tgy < 1 Fm/c. The preferred values are 1/2 - 1/3 Fm/c. (It
should be noted that in string models of nucleus-nucleus collisions, the
formation time depends upon A, and may be conaiderably smaller for large
A nuclei than is the case for hadron-nucleus colliaions.)(7) If we
consider a range 1/20 < t5 < 1 Fm/e, the corresponding energy densities
and temperatures are p - 5 - 5000 Gev/Fm3 and T - .2 - 1 Gav.

Ancther method of estimating the energy densities achieved in ultra-
relativistic nuclear collisions has been advocated by Matsui and
Gyulassyia) They make use of the observation that the rapidity density
%% is conserved in isentroplc expansion. The hydrodynamic equations may
be integrated backwards from the final time at which the systenm breaks
up to the initial time t . They derive(
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The differsnce between this estimate and that of Eqn. 4 is that the %%
distribution quoted hers is that observed in the final state, whereas in
Eqn. 4 it is only the initial rapidity density which appears, and this
might be changed if the system produces entropy as it expands. Usually
it is assumed that the system thermalizes at formation, that is, the
formation time is of the order of the collision time and that the
initial distributions are close to thermal distributions. In this
circumstance, it should be a fair approximation to treat the expansion
as isentropic, and the initial rapidity density may be identified with
the final one. In general, this cannot be true since Eqns. 4-5 do not
agree, For practical purposes, the agreement 13 quite good however. If
the formation time varies between .1 and 1 Fm, the estimated energy
denaity varies by two orders of magnitude, where the difference betwean
the two different esstimates varies only by a factor 3=5. As order of
magnitude estimates, either relation is acceptable.

If one requires that the system instantly thermalize, then both
Eqns. Y4 and 5 must be valid. This can only be true if the formation
time is A dependent. An estimate of this dependence is

B N C LA I LIV A (6)

For heavy nuclei, formation times of .1-.2 Fm would be consistent with
either relationship.

If the formation time is small and if the formation time ia of the
order of the collision time, then the condition that the system be
thermalized and expand according to the equations of perfect fluid
hydrodynamiecs, that is, non-viscous hydrodynamics, seems on much firmer
ground than is the case for larger formation times. Notice that
according to the hydrodynamie equations, the 1initial time and
temperature and the final time and temperature are related as

‘l'r = ‘li {'T?} (T)

If the initial temperature is 250 Mev, the time the system takes to
cool to a temperature of 150 Mev ls only a factor of five times the
initial time. If the initial temperature is a factor of two larger,
this ratio increases by nearly an order of magnitude, and hydrodynamic
methods are probably on a somewhat better foundation.

Since the width of the fragmentation region 1s given by



yfr;ag - ln Ryue/To (8)
experimental measurements of the width of this region may aid in
a resolution of r,. Such a meaaurement might be to determine the
rapidity distribution of baryons minus anti-bdaryons, Fig. 2, or
s*.x~ mesons, Fig. 3. The values of ECH/A required to produce
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FIGURE 2 /gy for proton minus antl-proton
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FIGURE 3 dN/dy For = minus v~

case that these measurements are useful for this purpose has not been
made since hadronic final state interactions probably obscure a study of
the formation process. Pion interferometry is probably moat useful for
studying the space-tize dynamics of tﬁe nadronization procesa, or the
break-up of the system as it freezes cut of thermal equilibriumsg'10)
Again, there has been little theoretical analysis of this problem.

The formation time 1, might be measured and the validity of the
formation time idea might be tested in hadronm-nucleus collisions. As
mentioned above, data analyzed by Busza and Goldhaber suggest that at
available fixed target energles, projectile hadrons are stoppsd much
nore efficlently than might be expacted from an inside-ocutaide cascads
picture with a formation time 1, - 1 Fa'5) The Kisielewska analyais is
consistent with an inside-gutside cascade picture if formation times
sogmewhat smaller than 1 Fm are asaumedsﬁ) Alsc, a new method of analysis



has pbeen developed by Blalas to measure the formation time for hadrons,
a time which should be longer than the matter formation time for quariks
and gluona$11) When baryon production is analyzed, a baryon formation
time of 1.5 2 .5 Fm results.

There 18 at pressnt no consensus on methods ror analyzing data from
hadron-nucleus collisons and extracting a satter formation time. A very
promiaing idea has been put forward by Hwa who suggests that the
deviations of hadron-nuclsus scattering from hadron-hadron in the hadron
fragmentation region may clesanly 1solate the effecta of matter
rormations12) The argument is that within the context of an inside-
cutside cascade model, the probability that an inelastically produced
particle forms inside a target nucleus is small if the particle is very
energatic. The probability of rescattering is P - e'x/A where X 1s tha
mean free path for rescatternig. This mean free path is roughly the
distance it takes a particle to form, since upon formation in the
target, it has a large probability to rescatter, so that

ETO
A - ?i{-‘_)' (9)

Since the particle has only a small chance to rescatter, Its
modification to hadron-hadron distributions,sF, should be small and
computable in a single rescattering approximation,

oF - A~ (9
A detailed, but still controversial analysis by Zahir and Awa glves a A
which is consistent with the time dilation expected in the inside-
outside cascade nodels!’z)

On the other hand, Glauber theory type models such as those employed
by Kapusta and Csernal, and by Wong also seem to fit some of the hadron-
nucleus data, and such models would be inconsistent with inside-outside
cascade models unlesa the formatlon time was vary small§13"u)

A proper resoclution of these theoretical models may require more
experimental data. Experiments with Eyap -~ 10 - 1000 Gev, for a wide
range of A, includiog hadron-proton and hadron- deuterium, would be
useful. A wide range of xs¢ i3 probably beat for the type of analyals
suggested by Huas13) but if good cascade models of hadronle interactlions
are developed along the lines of Kapusta and Csernai and of Wong, then
coverage of the central and target fragmentation regions are also
necasaarys13'1n) The data on targets of various A including protons and
deuterium should come from the same experiment to sort out systematic
experimental biasis.

The atudy of the time development of the hadronic matter



distribution of matter as it is produced in ultra-relativistic heavy ion
collisions has been initiated by the hydrodynamic computaticns of
Bjorkens1) by Kajantie, Raitio, and Ruuskanen£15) In these computations,
the longitudinal expansion of the matter 1is atudied. In the
computations of Kajantie et al, the fragmentation region as well as the
central region is simulated. 1In later computations by Baym et al and
Bialas et al, the tranaverse expansion 1s alsc computedf‘a"T) The
hydrodynamic treatment concludes that for formation time 15, - 1 Fm,
energy densitias of 2-10 Gev/Fu3 may be obtained in the central region,
and 0-2 Gev/Fm3 at various rapidities of the fragmentation region, with
smallest values at the largest values of Feynman x. The compression of
the baryon number density in the fragmentation region is 0«2 times that
of ordinary nuclear matter. The transverse expanaion calculations have
been done only for the central region. Such expansion consists of
transverse rarefraction and takes place over time scales large compared
to longitudinal expansion for large A > 200 nuclei.

In order for the hydrodynamic treatment to be valid, the mean free
paths for gquarks and gluons must be small compared to the spatial
dimenaions of the matter produced 1in the collision. Detailed
computations seem to verify such a treatment for large A nucleis18'19) A
much more stringent test of the validity of perfect fluid hydrodynamics
is that the collision time be small compared to the longitudinal
expansion time. Estimates of the ¢ollision time for appropriate energy
densities are 1, - .1-1 Fm. 3Since a hydrodynamic treatment 1s valid if
t 2> T, the intripsic error in these computations does not allow a geod
resolution of the time after which a hydrodynamic computation is
reasonable. At the very leaat, viscous corrections to the perfect fluid
hydrodynamic equations are probably important at early times in the
hydrodynamic expansion, and there is certainly substantial entropy
production for t - t,.

Some meazure of the degree of thermalization and the validity of a
nydrodynami¢ treatment have been suggested by Shuryakgao) In the
transversae expansion of the matter produced in nuclear c¢ollisions, a
transverse flow velocity develops. Particles of all masses flow with
the veloecity of the fluid. The more massive particles therefore have
their transverse momentum enhanced more relative to lighter particles.
A detailed treatment of this problem using the methods developed in
Refs., 16-17 would be useful.

I# there is a first order phase transition in hadronic matter, the
transverse momentuam distributiocn of hadrons may be drastically altered.
Following Shuryak, the transaverse momentum distributions receive a
contribution dues to transverse hydrodynamic¢ expansion, and a thermal
contribution due to the brealup of the system at some temperature



T520-21)

<pt> = <Pt hydro * <Pt’thermal (10}

The hydrodynamic contribution arises from work which is done on
constituents of the matter as the matter is driven into the vacuum.
This work 13 produced from the pressure difference of the matter and the
vacuum. Consider the work done as a function of the energy density
achieved by the matter in a nuclear collision. As the energy denaity
increases, the pressure will increass except when the energy denaity 1ia
in the region of a mixed phase of hadronic matter and quark-gluon
plasma. For such energy densities, the pressure remains constant, as is
shown in Fig. 4a. As the pressure increases, the transverase momentum
due to hydrodynamic expansion increases. In the region of the phasse
transition, the pressure remains constant, as does the tranaverse
momentum of hadrons.

This general feature of the hydrodynamic expansion coupled with a

P <p,>

E dE/dy
FIGURE 4a P vs E FIGURE 4b <p,> vs dE/dy

phase transition may be
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suggestive.



Studies by Heinz and by Bialas and Czyz suggest that color plasma
paclilations may play an important role in non- equilibrium proceases
early in the expansion of matter produced in ultra- relativistic nuclear
collisions£23'2“) A typical color oscillation is shown in Fig. 6. In
such an oscillation, the local ¢clor charge density is analogous to the

elsctromagnetio charge
density in the electromagnetic
plasma oscillation. For the

- oscillation shown in Fig. 6,

- Q""_q both a color and electromagnetic
.-q — os¢illation is set up, and =oft
--a electromagnetic radiation may be

-.a g emitted from the oscillating

charge density. Bialas and Czyz
FIGURE 6 A color plasaa oacillation estimate that for a ot
upreasonable spectrum of color
plasma oscilations which may be
characteristic of nuclear collisions, a substantial fraction of the
hadronic energy may be emitted in low py photon radiationgzu)

Electromagnetic probes of the nuclear collisions may be
characterized by the value of the transverse nmass, My = {p% + Ha}l/% For
di-lepton and pricton transverse masses My < R;Jc - 30 Merzgogsgranium,
the photons and di-leptons are coherently produced.“’” These
particles may be copiously produced in the nuclear fragmentation
regions, or in the central region by fluctuations in the charge
distributions of mesons. Datailed measurements of thess distributions
in correlation with measurements of the charge dlstributions, %% , may
probe the alectromagnetic plasma oscillation, since as a conssquence of
this oscillation, radiation with frequency less than the electromagnetic
plasma frequency 1s stongly absorbed. The detalled computation of this
absorption is complicated by the finite size of the matter produced in
nuclear collisiona, and since the matter denaity is a decreasing
function of time, the plasma frequency is time dependent.

In the central region, these coherently produced low transverse mass
photons are generated by charge fluctuations., 1In order fo have a large
number of photons, a large charge [luctuation must be generated. At
sufficiently small py, howaver, the coherently produced photons will
dominate over those ariaing from hadronic decays. In the fragmentation
region, the net charge carried by the projsctile nucleus generates a

large numbar of low py pnotonsf25'26) The total number Is Nggp - 2%a
ln:m:x , where Z is the total number of struck nucleons, and wpgy and
min

wgpjp are maximum and minimum observed f{requencies. Thesa limiting
frequencies are determined by detectors and backgrounds. Typically the



maximum frequency is limited by % decay photons and is w - 15 Mev in
the prest frame of the struck nucleus. The low frequency cutoff is more
difficult to estimate. The sensitivity of this result to I suggests
that measurements of these low p¢ Photons may provide a good impact
parameter meter. The number and distribution of these smitted photons
may also be used to infer the rapidity distributions of charged
particles., The total number of photons emitted in a reasonable
frequency range for reasonable esimates of the rapldity distributions of
charged partlcles in head-on collisions of large A nuclei is Nygy ~ 50 -
500. Photons emitted from a beam projectile nucleus, or from colliding
nuclei are in a small angular region 46 -~ 1/y where y is the Lorentz vy
factor of the nucleus. The energy of these photons is E - yu. For a
100 Gev beam, a reasonable range of these parameters is ap < .6° and E <
1.5 Gev.

For larger values of the transverse mass, photons and di- leptons
may be approximated as elemantary probes with mean free paths large
compared to the size of the matter produced in a nuclear collision.

Such prohes have advantages ovar hadrons, slance hadrons strongly
interact and their diatribution is characteristic of matter either at
the surface or at late times when the matter 1s at such a low density
that hadrons cease interacting. Photons and di-leptons probe the matter
at early times when it is hot and den30527)

A systematic study of photon and di-]lepton production may start with
a study of the thermal expectation value of the slectromagnetic current-

current correlation functionf27'29)

Wi¥(q) = £ d¥x 19X M (x)a¥ (o) (n
The rate for thermal emission is related to this structure function as
Rate/Volume - e2 L¥Y{q) Huu(q) (12)

where LY is a computable lepton polarization tensor.

The properties of W'¥ are formally very similar to that of for
deep inelastic scattering of leptona from hadrons. The only difference
is that there is a thermal expectation value here and not the matrix
element between proton atates, and that the photon momentum is either
timeiike or lightlike, not spaceiike. The fluid four velocity uM is a
timelike vector analogous to the proton four momentum of deep inelasatic
scattering. BSecause of these formal similarities, ¥W"" may be written in
terms of invariant structure functions A and B as

wHv

= {q%8""- 9¥q"} a(e%,u+q,T,0) + [8*¥(u-q)% -



(u¥q¥ « u¥g") u'q + u"u”qz} B(qz,u-q,T,A) (13}
The QCD scale parameter A is written explicitly in this equation.

The properties of this structure for large q may be studied and
scaling behaviour analogous to that for deep lnelastic scattering
functions may be extracted. At very high temperatures, T/A >> 1, these
structurs functions may be computed in perturbation theory. In the
large q 1imit, a detailed analysis of the asymptotic behaviour of A and

B8 gives
A+ o899 % ((u-q)%/q2,84,9%/02) (14)
B » &899 B ((u-q)zfqz,BA,qzlﬂa) {15)

Here 8 = 1/T. In the limit of large temperatures, the structure
function B vanishes. The asymptotic scaling properties of A and B shown
in Eqns. 14-15 is called thermal scaling. The Boltzmann wWweight factor
eBu'q and the dependence upon (u-q)2/q2 are different than that of Wq,2
, for deep inelastic scattering, which has no weight factor, and is a
function of the Bjorken x variable, x = q2/(p'q).

The structufa function W"¥ must be folded into the hydrodynamic
equations before experimental distributions of photons and di-leptons
may be computed. I shall only state the results of such an analysis
here., For photon and di-lepton transverse masses large compared to the
temperature, the photon and di-lepton rapidities and transverse masses
are closely correlated to the rapldity of the plasma frou which they
were emitted and the temperature of the plasma at the emission tinme.
Direct computation gives

Yphoton - ¥plasma {16)
2 1
M - -2 — T 1
t (Vs * 3 ) (17

where vy is the sdund velocity of the matter. For sound velocities
characteristic of an ideal quark-gluon plasma,

My - 6.5 T (18)

and the assumption that the transverse mpasses are large compared to the
temperature seems a posteriori justified. For temperatures of T - 100 -
500 Mev, transverae masses of My - .8 - 3 Gev are emitted with greatest
strength.

The absolute rate for photon and di-lepton emission is extremely



senaitive to the maximum temperature achieved 1n the collision and to
the sound velocity of the hadronic matter. Roughly three orders of
magnitude result from seach of thaese uncertainties. Probably, the rate
for di-lepton production is 1 - 10H orders of magnitude times the Drell-
Yan rate extrapolated to this mass region. The uncertainty in the total
rate 13 reflected in the A dependences of the total ratea, A
measurement of the A dependence of the total emission rate provides a
check on dynamical assumptions used in computing the thermal emission
spectrun.

The shape of the emission spectrunm of di-leptons is guite different
from that of Drell-Yan. The distribution ia a pure power of My if the
plasma acquires a large enough temperature,

dN - }%2 {7}
aMZdyd2py, W'

As a consequence, the transverse momentum and the masa of the di-
lepton pairs are strongly correlated., The structure function
for di-lepton emission from a high temperature plasma,
corrected for expansion involves only one structure funection,

¥ - [a%"Y - %2} g, (N

As a consequence of the correlation between temperature and
tranaverse mass, any discontinuity as a function of temperaturs also
appears as a functicn of tranaverse mass. If there is a first order
phase transition, the electroﬁagnetic current- current corraelatlon
function should bhe discontinous
across the phase transitlion, and
this may appear as a
discontinulty in the transverse
dNT mass spectrum as shown in Fig.
th 7. If the system exists in a

mixed phase for a long tinme, the
thermal emission spectrum will
M attain a contribution of

t e‘"t/TD-t-, asince the mixturs of
FIGURE T

— plasma and hadronic matter will
A poasible transverse photon maas distribution emit at the phase transition

temparature Tp ¢, .

The physics which may be studied by photons and di-leptons 1is
characterized by transverse gass values, The range of My - .6 - 3 Gev
may be dominated by therpal emiasion. For very low My values, coherent
emission processes dominate, For masses 30 Mev < M < 200 Mev, the




effects of coherence hegln to subside, and inccherent production
processes begin to dominate. In the region 200 < My < 600 Mev,
incoherent processes should dominate. 1In these low mass regions it
might bYe possible to probe the effects of chiral symmetry
restoration£30) The rate of production of such low transverse mass
particles might be very sensitive to the constituent quark masses, since
the di~-lepton production process
q @ shown in Pig. 8 vanishes below
the threshold g% « Hng. The
cutstanding problem in this low
mass region is resolving
background processes arising
from hadronic dacays. A
— thorough theoretical analysis of
a e backgrounds and a comparison
with emisslona from a quark-
FIGURE 8 GQuark anninilation into lobton pairs gluon plasma has not yet been
carried cut.

At large trnasverse masses 1-5 { My ¢ 10-20 Gev, thers should be
corrections to the Drell-Yan emission rates arising from the pre-
equilibrium distributions of quarks and gluons. At present a theory of
these distribution is lacking, but the development of such a theory ls
necesgary to put the production of a quark-gluon plasma in ultra-
relativistic nuclear collisions cn a stable foundation.

At transverse masses My > 10-20 Gev, the Drell-Yan process should
dominate. .

The production of strange particles has long been suggested as a
signal for the production of a plasmag31) The ratio of atrange to non-
strange anti-baryons might retain some trace of an abundance of strange
quarks and anti-quarks produced in a plasma. This conclusion is on
somewhat shaky ground since in the hydrodynamic expansion of the plasma,
the strange quarks and anti-quarks may become diluted. Alao, a recent
computation of Rediich suggests that the abundance of strangeness in a
hadronic gas may not be so far different froa that of a quark- gluon
plasllSSZ) A proper theoretical assesmant of strangeness production
probably needs non-perturbative input from lattice Monte-Carlo
computations, and a thorough analysis of the effects of hydrodynamuc
expansion.

Charm particle production may alsc bs important if sufficiently high
plasma temperatures are achieved, T > 500 Hevs33) Corrections due to
hydrodynamic expansion are probably less important for charmed particles
than for strange particles sinca the charmed quark hadronic croas
section is small o < 1 mb,




An extremely spectulative experimental probe of guark-gluon plasma
production may be in multi-particle correlations, and 1in large scale
rapldity fluctuations. Such correlations and fluctuations may arise as
the matter participating in 3 nuclear collision tries to negotiate a
firat order transitionES“'SE) A variety of scenarioa are possible all of
which involve the production of large scale density flucuations over
rapidity intervals ay > 1. In the collisions of heavy nuclei, such a
rapidity interval may include several hundred to several thousand
particles, and large scale fluctuations should be separable from
statistical rluctuations, These density fluctuations may be generated
by superheating, supercooling or the spincdal decomposition of the
plasma, They might occur 1in baryon, anti-baryon or meson
distribution3537) There might also be py enhancements if the density
fluctuations are accompanied by burnipg or explosive phencmenon.
Backgrounds such as jet production may be ruled out by the azimuthal
angle distributions.

The restoration of chiral symmetry may have striking consequences
for the widths and maases of resonances produced 1ln a quark-gluon
plasmaf38) Since the chiral syametry transition is expected to be
abrupt, the masses and rescnances may abruptly change their character aa
the energy density achieved in a collision increases. Correlations of
the type described for <{p¢> vs %% may be useful here. Also, anomalously
~ large baryon or anti-baryon-production might accompany chiral aymmetry
restoration. As a chiral symmetric world cools through a first order
phase transition, light mass baryons in the chirally symmetric phase

might become clustered into

plasma droplets, as shown in

Fig. 9. The large scale

density fluctuations which

characterize firat crder phase

transitions might appear as

FIGURE § large scale fluctuations in the

rapldity distribution of baryons
and anti-baryons,

The distribution of jets produced in ultra-relativistic nuclear
collisions may provide probes of the aspace-tims evolution of the plasnma,
and the matter distribution produced in the collision., For example, the
cccurance of asingle jets, where onea jet has been absorbed as it passes
through the plasma, shown in Fig. 10, provides a measure of the mean
free path of quarks and gluons in hadronic matters39)

Various speculations concerning the aexistence of exotic satable or
metastable forms of matter have been suggestad. Examples are Lee-Wick
natterS&O) stable or metastable droplets of chirally symmetric strange

Large scale density fluctustions in the plasma
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(41-43)

matter or c¢harmed
p mattersk") and even metastable
Higgs meson mattergus) Also,

arguments have been proposed
that free quarks might be easier
to produce in nuclear collisions
than in e*e™ or pp
collisionsSuB) The preclise
FIGURE 10 Single jet production nature and the probability that
Such matter
exists are difficult to determine, but the revolutiocnary character of
its discovery justifles a generic search. Hints that such new forms of
matter exist in cosmic rays have long been suggested by mountain-top
emulsion chamber experimentsgu7) Sueh new forms of matter fortunately
have generic characteristica which distinguish it from ordinary nuclear
matter. For free quarks, the charge ls a signature. For particles
whose production is associated with a conserved quantum number, the
exotlic particles should be produced in pairs. In general, the charge to
mass ratiocs of exotic particles should bear no simple relation to that
of ordinary nuclei. The penetrating power and cross sectlions are in
general different for ordinary particles with the same Q or Q/A. If an
exotic particle decays, the multiplicity might be anomalously large, and
the py distribution might not be typical of either a nuclear break-up or
a hadronic interaction., 3Since the exotic particle may carry charge,
strangensss, or baryon number, the flavor composition and charge to
neutral compostion of the final state may be anomclous. Secondarias of
the decay may alsc themselves have anomalous interactions or decays.
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